Background--The association between obesity and mortality risks following coronary revascularization is not clear. We examined the associations of BMI (kg/m 2 ) with short-, intermediate-, and long-term mortality following coronary artery bypass graft surgery (CABG) and percutaneous coronary intervention (PCI) in patients with different coronary anatomy risks and diabetes mellitus status.
T he prevalence of obesity in Canada has increased across all obesity classes. 1, 2 Greater body mass increases the risk of cardiovascular disease, 3 and a larger population of patients with obesity are considered for some form of revascularization procedures. 4 The prevalence of diabetes mellitus (DM) has also increased in parallel with an increase in obesity. 5 DM is a major risk factor for cardiovascular disease, and, in Canada, the proportion of patients with DM undergoing cardiac revascularization procedures increased by 50% between 1994 and 2005. 6 Thus, patients with obesity and/or DM constitute an important segment of the patient population requiring cardiac revascularization. Both coronary artery bypass graft (CABG) surgery and percutaneous coronary intervention (PCI) have been used to treat patients with coronary artery disease. Interestingly, although higher body mass increases the risk for all-cause mortality 7 and is commonly perceived as a risk factor for perioperative morbidity and mortality, better prognostic outcomes following revascularization have frequently been reported for patients with obesity. This is now commonly termed the "obesity paradox." Systematic reviews and metaanalyses have consistently shown that following both CABG and PCI, patients with obesity are at similar or lower risk for adverse outcomes, [8] [9] [10] [11] with a possible exception of patients with more advanced obesity (ie, moderate to severe obesity, BMI ≥35).
9,11
Regardless of the frequently reported existence of the obesity paradox, how coexisting DM influences the phenomenon has been less studied. DM has been implicated to account for suboptimal short-term (within 1 year) survival following CABG [12] [13] [14] and PCI, 15, 16 but its longer-term impact on survival is equivocal, with some studies showing increased mortality compared with patients without DM, 13, 16 while others show no difference 17, 18 or better survival. 19 These inconsistent outcomes are at least partially attributable to different degrees of coronary anatomy risks at revascularization.
To date, few studies have investigated the mortality associated with obesity following cardiac revascularization while accounting for coronary anatomy risks and DM status. Moreover, earlier studies that examined the impact of perioperative obesity primarily focused on short-term outcomes utilizing different BMI categorizations from current international 20 or national 21 guidelines. As different factors may influence short-versus long-term postoperative mortality, following patients over extended periods (10 years) using up-to-date BMI categorization would provide a more comprehensive view on the associations between BMI and postrevascularization mortality. The purpose of this study was to examine mortality risks associated with obesity in light of coronary anatomy risks and DM status on short-, intermediate-and long-term mortality following CABG and PCI.
Methods
This study used data from the Alberta Provincial Project for Outcomes Assessment in Coronary Heart Disease (APPROACH) registry in conjunction with postoperative mortality determined from the Vital Statistics Registry. Detailed descriptions of the APPROACH registry have been reported elsewhere. 22 Briefly, the APPROACH registry is a populationbased database that prospectively captures all patients referred for cardiac catheterization and subsequent revascularization procedures undertaken in the province of Alberta, Canada. Ethical approval was obtained from the University of Alberta Health Research Ethics Board. Because data were obtained from a clinical registry, the need for informed consent was waived. 
Study Population

Study Outcomes
The primary outcomes were all-cause short-term (ie, within 6 months and 1 year), intermediate-term (within 5 years), and long-term (within 10 years) mortality associated with different degrees of obesity following CABG and PCI. To account for the influence of extent of coronary anatomy involvement on mortality rates, mortality risks were separately assessed for low-risk and high-risk coronary anatomy groups. A vessel with a lesion involving >50% of its diameter was considered a diseased vessel. Extent of coronary disease was divided into low risk (ie, lesions with <50% stenosis, 1-or 2-vessel disease) and high risk (ie, 2-vessel disease involving the proximal left anterior descending artery or left main artery disease, 3-vessel disease, or left main artery disease). Subsequently, we examined the mortality rates associated with different BMI categories while concurrently stratifying for both coronary anatomy risks and DM status. Patients were identified as having DM based on a recorded history of such or if they were receiving insulin or oral hypoglycemic agents.
Statistical Analysis
Means and SDs were used for continuous variables, and counts and percentages were used for categorical variables. Baseline characteristics were compared across BMI categories using ANOVA for continuous variables and chi-square test for categorical variables. Where a significant difference was found, each group was compared against the normal BMI group by using post hoc pairwise comparisons with Bonferroni adjustment. The analyses were performed separately for CABG and PCI recipients. We used a multivariable Cox proportional hazards regression model to evaluate associations between BMI and allcause mortality within 6 months, 1 year, 5 years, and 10 years, respectively. The analyses were adjusted for clinical covariates including age, sex, concomitant diseases, smoking status, prior cardiac events/treatment, and ejection fraction. All concomitant diseases were chosen a priori and simultaneously included in the multivariable models as independent covariates to adjust for potential confounding in the regression analyses. Tables 1 and 2 , respectively. Considerable differences in baseline characteristics among BMI categories were found. In both patients who underwent CABG and PCI, compared with those with normal BMI, patients with overweight and obesity were characterized by younger age (both P<0.001) and higher prevalence of DM, hyperlipidemia, and hypertension (all P<0.001). The overall proportions of men were significantly higher for the overweight and obese class I groups; however, the proportion of men in the obese class II and obese class III groups was lower in patients treated with PCI.
Relationship Between BMI and Mortality Following Coronary Artery Bypass Graft Surgery
Crude number of deaths following CABG are summarized in Table 3 . Overall covariate-adjusted 5-and 10-year mortality risks were lower in patients with overweight compared with patients with normal BMI ( Figure 3 ). There were no differences in mortality between the normal BMI and the obese groups.
Relationship Between BMI and Mortality Following Percutaneous Coronary Intervention
The crude number of deaths following PCI are also summarized in Table 3 . Overall mortality was consistently lower in patients with overweight and obese class I compared with patients with normal BMI regardless of follow-up duration. This was due to significantly or near-significantly lower mortality risks in both high-risk and low-risk coronary anatomy subgroups ( In the subgroup of patients with DM, compared with patients with normal BMI, overall 6-month and 1-year mortality risks were significantly lower in patients with overweight, obese class I, and obese class II. In addition, obese class III was associated with near-significantly lower mortality at 6 months (aHR, 0.56 [95% CI, 0.30-1.02]) and significantly lower mortality at 1 year (aHR, 0.58 [95% CI, 0.35-0.97]; Figure 5 ). At 6 months and 1 year, lower mortality risks in patients with low-risk coronary anatomy were the primary contributor to the lower overall mortality. Five-and 10-year overall mortality risks were significantly lower only in patients with overweight compared with patients with normal BMI In the subgroup of patients with no DM, obese class III was significantly associated with higher overall 6-month and 5-year mortality risks, respectively (6- Figure 6 ).
Discussion
To date, evidence on the relationship between obesity and outcomes following cardiac revascularization has shown contradicting results. This is at least partly due to heterogeneous criteria for obesity and different end points.
Consequently, we investigated the associations of obesity based on current national and international criteria with shortterm (6 months to 1 year), intermediate-term (5 years), and long-term (10 years) mortality. Using patients with normal BMI as a reference, the primary findings of the present study include the following: (1) higher intermediate-term and longterm morality risks following PCI in patients with obese class III; (2) lower short-term, intermediate-term, and long-term mortality following PCI in patients with overweight and obese class I; and (3) lower intermediate-term and long-term mortality in the overweight group, but no differences in mortality in the obese groups following CABG.
To the best of our knowledge, this study is the first to show higher intermediate-and long-term mortality risks in patients with obese class III (BMI ≥40 kg/m 2 ) compared with patients with normal BMI following PCI, supporting the importance of efforts to prevent and treat severe obesity. 23, 24 In the upper part of its distribution, BMI has a better ability to differentiate the percent body fat and lean body mass, 25 and highly correlates with percent body fat. 26 Consequently, higher mortality in patients with obese class III is likely attributable to a higher degree of adiposity. Stratification by coronary anatomy risks revealed that higher overall mortality in patients with obese class III was primarily due to higher mortality in patients with high-risk coronary anatomy (38% and 34% higher at 5 and 10 years, respectively). Our recent study based on the same cohorts showed that patients with obese class III and high-risk coronary anatomy are more likely to receive PCI compared with patients with normal BMI. 27 Thus, our results highlight that, compared with patients with normal BMI, patients with obese class III with high-risk coronary anatomy are more likely to be treated with PCI despite a higher chance of intermediate-and long-term death following the treatment. Higher risk of perioperative infection in patients with obese class III 28 may be a contributing factor for higher rates of PCI treatment. However, patients with obese class III were younger and showed no association with the risk of mortality following CABG. Thus, further study is warranted to clarify the use of PCI in patients with obese class III.
In patients with obese class III and high-risk coronary anatomy undergoing PCI, we expected that those with DM would contribute more strongly to higher intermediate-and long-term mortality owing to a greater atherogenic impact of DM. 29 However, stratifying for DM status showed that intermediate-and long-term mortality in patients with obese class III were only higher in those without DM (78% higher at 5 years and 57% higher at 10 years compared with those with normal BMI). Because a markedly smaller number of patients with DM were treated with PCI compared with those without DM among patients with high-risk coronary anatomy (n=2890 versus n=7709), this could simply be due to a difference in statistical power. Alternatively, it could also be explained by more intense pharmacological treatment in patients with DM. 30 In patients with obese class III compared with those with normal BMI, short-term mortality was higher in those without DM, whereas it was lower in those with DM. This may also be attributable to different pharmacological treatments. Thus, our results may suggest the requirement for greater postoperative intervention to lower the mortality risk in patients with obese class III with high-risk coronary anatomy even in the absence of DM. In contrast to higher mortality observed in patients with obese class III, following PCI, patients with overweight and obese class I consistently showed significantly or nearsignificantly lower mortality risks compared with patients with normal BMI regardless of follow-up duration or coronary anatomy risks. In addition, obese class II in the subgroup of low-risk coronary anatomy was significantly associated with lower short-term and long-term mortality risks. Thus, our results are in line with previous meta-analyses demonstrating the obesity paradox in 1-year 31 and 5-year 8 mortality risks in patients with obesity (BMI ≥30 kg/m 2 ) but provide further details by breaking down obesity into different categories. Similarly, following CABG, adjusted intermediate-and longterm mortality rates were lower in patients with overweight compared with those with normal BMI, which was primarily driven by lower mortality in the subgroup with high-risk coronary anatomy. This is also similar to a previous study showing a 5-year survival difference in patients with CABG compared with those with normal BMI. 32 Stamou and colleagues 33 also reported a lower 5-year mortality rate in patients with overweight compared with patients with normal BMI following CABG. Thus, we extend previous findings by reporting that the survival difference may be extended up to 10 years. It is important to note that, as others have also reported, this apparent paradox may be related to the use of BMI as a surrogate measure for obesity. Indeed, the obesity paradox is almost exclusively reported in studies using BMI to define obesity, with the exception of a few studies reporting a paradoxical association between percent body fat and mortality [34] [35] [36] based on relatively small sample sizes and skinfoldestimated percent body fat. Direct measures of body fat with dual X-ray absorptiometry with a larger sample size have recently refuted the obesity paradox, 37 although the study was conducted in participants referred for bone mineral density testing and may have limited generalizability. Diagnostic performance of BMI to discriminate between percent body fat and lean body mass is relatively poor, 38 especially in the intermediate BMI ranges, 25 as BMI in the intermediate range associates similarly with percent body fat and lean muscle mass as measured by dual X-ray absorptiometry. 39 Higher lean mass in patients with high body fat is associated with lower mortality risks compared with patients with low body fat and low lean mass. 40, 41 Additionally, central obesity in patients with normal BMI is associated with higher mortality than those with lower central obesity or those with similar central obesity and higher BMI. 42 Thus, lower mortality rates in those with high BMI can be due to higher muscle mass. 43, 44 Alternatively, it is also possible that lower mortality was due to higher cardiorespiratory fitness, 45,46 as higher fitness is able to counteract the adverse effects of obesity on the risk of cardiovascular mortality. 23, 24, 47, 48 Altogether, the obesity paradox is still open for debate, and our results may be premature to be interpreted as a survival advantage of obesity but should stimulate further research to clarify the associations. By performing analyses separately based on DM status, we also showed that, in the subgroup with DM and high-risk coronary anatomy, patients with overweight are significantly less likely to experience short-term death (41% at 6 months and 40% at 1 year) compared with patients with normal BMI following CABG. This is similar to a previous study in patients with DM that showed a nonsignificant but lower 30-day mortality rate in patients with overweight. 49 Interestingly, lower short-term mortality was not observed in patients with overweight in the subgroup with no DM. With respect to intermediate-and long-term mortality risks in patients with DM, despite the higher incidence of metabolic clustering (ie, hyperglycemia, hypertension, and hypertriglyceridemia 50 ) and higher risks of atherogenic progression following CABG in patients with higher BMI, 51 obesity was not associated with higher mortality. This is in accordance with a previous study demonstrating no association between higher BMI and long-term (up to 6 years) mortality following CABG. 52 As we speculated for PCI outcomes, it is possible that the higher risk associated with the combination of obesity and DM was attenuated with more intense pharmacotherapy and more intense secondary prevention including implementation of healthy diet and exercise programs. 9 Lastly, we did not observe any associations between BMI and mortality in the subgroup with low-risk coronary anatomy following CABG. However, caution needs to be practiced to interpret this result due to small sample size and thus wide confidence intervals. Taken together, following CABG, only patients with overweight with high-risk coronary anatomy showed lower intermediate-to long-term mortality. No significant differences between the normal BMI and the obese groups suggest that obesity as determined based on BMI had little impact on mortality following CABG regardless of follow-up duration.
Study Strengths and Limitations
A strength of registry data is that they record all revascularization procedures performed in the province and thus eliminate potential selection bias. Long follow-up duration also allowed us to investigate the relationships between BMI and mortality at different follow-up time from treatment. However, our results should be interpreted in the context of several important limitations. First, although the observational nature of our study provides real-world data, it can only provide associative evidence, not causal. Second, as previously described, BMI is an aggregate of varying amounts of fat-free mass and body fat, each of which contributes in its own way to the metabolic profiles of patients. Thus, our results may be explained by the lack of discriminatory power of BMI to differentiate between lean body mass and fat mass. Third, BMI was assessed at baseline only and we had no data on weight change over time. In addition, the other variables included in our study were also measured at baseline only. Fourth, because it is well established that there is little survival benefit of CABG in patients with low-risk coronary anatomy, sample size was relatively small for the subgroup of patients with low-risk coronary anatomy treated with CABG. Similarly, advantages of CABG in patients with high-risk coronary anatomy and DM have been well documented. Consequently, sample size was also limited in the subgroup of patients with high-risk coronary anatomy and DM who underwent PCI. Lastly, although we controlled for available confounding variables, residual confounding not included in our analysis, such as cardiorespiratory fitness, suggesting that our findings are not affected by year of coronary procedures.
Conclusions
Among patients who had undergone PCI, in general, lower mortality risks were observed in patients with overweight, obese class I, and obese class II. Following CABG, while obesity did not contribute to a differential degree of mortality, being in the overweight category was associated with lower mortality. Given that patients with obese class III in the subgroup of high-risk coronary anatomy and no DM had higher risks of intermediate-and long-term mortality following PCI, greater postoperative intervention to lower the risk may be required for this group.
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